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FUNCTIONALIZED POLY(ARYLENE 
ETHER) COMPOSITION AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a continuation of US. patent 
application Ser. No. 10/920,744 ?led Aug. 18, 2004, the con 
tents of Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Curable compositions including reactively end-capped 
poly(arylene ether) resins and copolymeriZable monomers 
have been described, for example, in US. Pat. No. 5,071,922 
to Nelissen et al., and US. Pat. Nos. 6,352,782 and 6,627,704 
to Yeager et al., as Well as US. Statutory Invention Registra 
tion No. H521 to Fan. The compositions described therein are 
useful in a Wide variety of thermoset applications, but existing 
formulations lack the balance of properties that is desired for 
fabricating plastic-packaged electronic devices. In particular, 
there is a need for improved ?oW during molding Without 
sacri?cing post-cure physical properties such as stiffness and 
impact strength. 

BRIEF DESCRIPTION OF THE INVENTION 

A curable composition exhibiting an improved balance of 
mold How and post-cure physical properties comprises a 
difunctionaliZed poly(arylene ether) having an intrinsic vis 
cosity ofabout 0.05 to about 0.30 deciliter per gram at 250 C.; 
and an ole?nically unsaturated monomer. 

Other embodiments, including a method of preparing the 
curable composition, a cured composition, and an article 
comprising the cured composition, are described in detail 
beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a transmission electron micrograph correspond 
ing to Comparative Example 6. 

FIG. 2 is a transmission electron micrograph correspond 
ing to Comparative Example 7. 

FIG. 3 is a transmission electron micrograph correspond 
ing to Example 24. 

FIG. 4 is a transmission electron micrograph correspond 
ing to Comparative Example 8. 

FIG. 5 is a transmission electron micrograph correspond 
ing to Comparative Example 9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present inventors conducted extensive research to ?nd 
a composition that Would exhibit the desirable characteristics 
usually associated With poly(arylene ether)-based thermo 
sets, such as high glass transition temperature, loW coe?icient 
of thermal expansion, and loW dielectric constant, While 
exhibiting molding characteristics similar to those of the 
epoxy thermo set resins currently favored by the marketplace. 
Early research indicated that the composition cured rapidly, 
but that it exhibited less than desired ?oW during the early 
stages of curing. Extensive experimentation revealed that 
How could be improved by reducing the intrinsic viscosity of 
the functionaliZed poly(arylene ether), but this change also 
reduced the stiffness and impact strength of the cured com 
position. Additional experiments shoWed, surprisingly, that 
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2 
improved How can be achieved Without sacri?cing post-cure 
physical properties by employing a functionaliZed poly 
(arylene ether) of reduced intrinsic viscosity but increased 
polymeriZable functionality. In particular, it has been found 
that a substantially improved property balance is obtained 
When the poly(arylene ether) contains tWo polymeriZable 
groups (i.e., it is a “difunctionaliZed” poly(arylene ether)) and 
has an intrinsic viscosity of about 0.05 to about 0.30 deciliter 
per gram at 250 C. 

One embodiment is a curable composition comprising a 
difunctionaliZed poly(arylene ether) having an intrinsic vis 
cosity of about 0.05 to about 0.30 deciliter per gram (dL/ g) at 
250 C., and an ole?nically unsaturated monomer. Within the 
above stated range, the intrinsic viscosity of the difunction 
aliZed poly(arylene ether) may be, more speci?cally, at least 
about 0.08 dL/ g, even more speci?cally at least about 0.12 
dL/ g. Also Within the above stated range, the intrinsic viscos 
ity of the difunctionaliZed poly(arylene ether) may be, more 
speci?cally, up to about 0.25 dL/ g, even more speci?cally up 
to about 0.20 dL/g. 

As used herein, a difunctionaliZed poly(arylene ether) is a 
poly(arylene ether) having a polymeriZable carbon-carbon 
double bond at each end of the molecule. One method of 
preparing such molecules is to ?rst prepare a poly(arylene 
ether) having a hydroxy group at each end of the molecule 
(“dihydroxy poly(arylene ether)”), then react the dihydroxy 
poly(arylene ether) With suf?cient capping reagent to form 
polymeriZable capping groups at each end of the molecule. 

Several approaches to dihydroxy poly(arylene ether) resins 
are knoWn. First, monohydric and dihydric phenols may be 
copolymerized as described, for example, in US. Pat. Nos. 
4,521,584 and 4,677,185 to HeitZ et al.; US. Pat. No. 5,021, 
543 to Mayska et al.; US. Patent Application Publication No. 
2003/0194562 A1 to Ishii et al.; W. Risse et al., Makromole 
kulare Chemie (1985), volume 186, no. 9, pages 1835-1853; 
andV. Percec et al., Polymer Bulletin (1990), vol. 24, no. 5, 
pages 493-500. Second, monohydroxy poly(arylene ether) 
resins may be reacted With a dihydric phenol in the presence 
of an oxidant as described, for example, in US. US. Pat. No. 
3,496,236 to Cooper et al., US. Pat. No. 5,880,221 to Liska et 
al., and US. Pat. No. 6,569,982 to HWang et al. Third, mono 
hydroxy poly(arylene ether) resins may be equilibrated With 
diphenoquinones as described, for example, in US. Pat. Nos. 
4,140,675 and 4,165,422 and 4,234,706 to White, US. Pat. 
No. 6,307,010 B1 to Braat et al., as Well as European Patent 
Application No. 550,209 A2 to Aycock et al. Fourth, dihydric 
phenols and dihalophenol sulfones may be copolymeriZed in 
the presence of base as described, for example, in US. Pat. 
Nos. 4,562,243 and 4,663,402 and 4,665,137 to Percec, and 
US. Pat. No. 5,965,663 to Hayase, as Well as US. Statutory 
Invention Registration No. H521 to Fan. Fifth, a dicarbonyl 
adduct may be formed from a dihydroxyaromatic compound, 
the dicarbonyl adduct may be oxidiZed to the corresponding 
diester, and the diester may be hydrolyzed to provide the 
hydroxy-terminated arylene ether; this procedure is 
described, for example, in US. Pat. No. 4,873,371 to Yeager 
et al. Sixth, monohydroxy poly(arylene ether) resins may be 
reacted With formaldehyde in the presence of an acid catalyst 
to form a dihydroxy poly(arylene ether) With an internal 
methylene group. This method is described, for example, in 
W. Risse et al., Makromolekulare Chemie (1985), volume 
186, no. 9, pages 1835-1853. Seventh, a dihydric phenol may 
be copolymeriZed With a 4-halo-2,6-dialkylphenol in the 
presence of base. This method is described, for example, in W. 
Risse et al., Makromolekulare Chemie (1985), volume 186, 
no. 9, pages 1835-1853. 
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The dihydroxy poly(arylene ether) to may be converted to 
a difunctionaliZed poly(arylene ether) using procedures 
known for adding polymeriZable functional groups to poly 
(arylene ether) resins. Such procedures are sometimes 
referred to as “capping” the poly(arylene ether), and the 
reagents therefore are sometimes referred to as “capping 
reagents”. For example, the hydroxy groups of the poly 
(arylene ether) may be reacted With an acid anhydride as 
described, for example, in Us. Pat. No. 3,375,228 to Holoch 
et al., U.S. Pat. No. 4,165,422 to White, U.S. Pat. No. 5,071, 
922 to Nelissen et al., U.S. Pat. No. 6,352,782 B2 toYeager et 
al., and 6,384,176 B1 to Braat et al. As another example, the 
hydroxy groups of the poly(arylene ether) may be reacted 
With a free acid under conditions suitable for forming an ester 
linkage as described, for example, in Us. Patent Application 
Publication No. 2003/0194562 A1 to Ishii et al. As another 
example, the hydroxy groups of the poly(arylene ether) may 
be reacted With an acid halide as described, for example, in 
Us. Pat. No. 3,375,228 to Holoch et al. and Us. Pat. No. 
4,165,422 to White. As another example, the hydroxy groups 
of the poly(arylene ether) may be reacted With a ketene as 
described, for example, in Us. Pat. No. 3,375,228 to Holoch 
et al. As another example, the hydroxy groups of the poly 
(arylene ether) may be reacted With a haloalkyl group under 
basic conditions as described, for example, in Us. Pat. No. 
4,562,243 to Percec and Us. Statutory Invention Registra 
tion No. H521 to Fan. Although not all of the above references 
teach reactions With capping agents containing an ethyleni 
cally unsaturated group, their procedures can be adapted for 
this purpose. For example, the acid halide capping procedure 
ofU.S. Pat. No. 3,375,228 to Holoch et al. and Us. Pat. No. 
4,165,422 to White may be used With acrylic chloride or 
methacrylic chloride. In one embodiment, the reaction of the 
capping reagent With the dihydroxy poly(arylene ether) gen 
erates a (meth)acrylate capping group. (Meth)acrylic anhy 
dride is a suitable capping reagent for this purpose. It Will be 
understood that the pre?x “(meth)acryl-” encompasses both 
“acryl-” and “methacryl-”. 

In one embodiment, the difunctionaliZed poly(arylene 
ether) has the structure 

R2 0 

8-611 H 
// 

R3—C 

11. 

wherein each occurrence of Q1 is independently halogen, 
primary or secondary Cl-Cl2 alkyl, C2-Cl2 alkenyl, C2-Cl2 
alkynyl, Cl-Cl2 aminoalkyl, Cl-Cl2 hydroxyalkyl, phenyl, 
C 1 —Cl 2 haloalkyl, C l-C l 2 hydrocarbyloxy, C2-Cl 2 halohydro 
carbyloxy Wherein at least tWo carbon atoms separate the 

halogen and oxygen atoms, or the like; each occurrence of Q2 
is independently hydrogen, halogen, primary or secondary 
Cl-Cl2 alkyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, Cl-Cl2 ami 
noalkyl, Cl-Cl2 hydroxyalkyl, phenyl, Cl-Cl2 haloalkyl, 
C l —C l 2 hydrocarbyloxy, C2 —C l 2 halohydrocarbyloxy Wherein 

at least tWo carbon atoms separate the halogen and oxygen 
atoms, or the like; each occurrence of x is independently 0 to 

about 100, With the proviso that the sum of each occurrence of 
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4 
x is at least three; each occurrence of R1 is C l-C l2 hydrocar 

bylene; each occurrence of m is 0 or 1; each occurrence of n 

is 0 or 1 ; each occurrence of R2-R4 is independently hydrogen 

or C l-C l8 hydrocarbyl; and L has the structure 

Wherein each occurrence of R5 and R6 is independently 
hydrogen, halogen, primary or secondary Cl-Cl2 alkyl, 
C2-Cl2 alkenyl, C2-Cl2 alkynyl, Cl-Cl2 aminoalkyl, Cl-Cl2 
hydroxyalkyl, phenyl, C 1 —Cl 2 haloalkyl, C 1 —Cl 2 hydrocarby 
loxy, C2-Cl2 halohydrocarbyloxy Wherein at least tWo carbon 
atoms separate the halogen and oxygen atoms, or the like; Z is 
0 or 1; andY has the structure 

Wherein R7, R8, and R9 are each independently hydrogen, 
C l-C 1 2 hydrocarbyl, or the like. In the last substructure above, 

R8 and R9 may be disposed either cis or trans about the double 

bond. In one embodiment, the sum of each occurrence of x is 

at least 4. As used herein, “hydrocarbyl”, Whether used as a 

Word or a pre?x, refers to a residue that contains only carbon 

and hydrogen. The residue may be aliphatic or aromatic, 
straight-chain, cyclic, bicyclic, branched, saturated, or unsat 
urated, or a combination thereof. HoWever, When so stated, 
the hydrocarbyl residue, may contain heteroatoms over and 
above the carbon and hydrogen members of the substituent 
residue. Thus, When speci?cally noted as containing such 
heteroatoms, the hydrocarbyl residue may also contain car 
bonyl groups, amino groups, hydroxyl groups, carboxylic 
acid groups, halogen atoms, or the like, or it may contain 
heteroatoms Within the backbone of the hydrocarbyl residue. 

In another embodiment, the difunctionaliZed poly(arylene 
ether) has the structure 
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wherein Q1 is methyl; each occurrence of Q2 is independently 
hydrogen or methyl; each occurrence of R2 is independently 
hydrogen or methyl; R3 and R4 are hydrogen; each occurrence 
of R5 and R6 is independently hydrogen, halogen, primary or 
secondary Cl-Cl2 alkyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, 
C l-C l2 aminoalkyl, C l-C 1 2 hydroxyalkyl, phenyl, C l-C l2 
haloalkyl, Cl-Cl2 hydrocarbyloxy, C2-Cl2 halohydrocarby 
loxy Wherein at least tWo carbon atoms separate the halogen 
and oxygen atoms, or the like; and each occurrence of x is l 
to about 100. In one embodiment, the sum of each occurrence 
ofx is at least 4. 

In another embodiment, the difunctionaliZed poly(arylene 
ether) has the structure 

Wherein Q1 is methyl; each occurrence of Q2 is independently 
hydrogen or methyl; each occurrence of R2 is independently 
hydrogen or methyl; R3 and R4 are hydrogen; each occurrence 
of R5 and R6 is independently hydrogen, halogen, primary or 
secondary Cl-Cl2 allyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, 
C l-C l2 aminoalkyl, C l-C l 2 hydroxyalkyl, phenyl, C l-C l2 
haloalkyl, Cl-Cl2 hydrocarbyloxy, C2-Cl2 halohydrocarby 
loxy Wherein at least tWo carbon atoms separate the halogen 
and oxygen atoms, or the like; R8 and R9 are independently 
hydrogen or C l-C6 hydrocarbyl, or the like; and each occur 
rence ofx is l to about 100. 

In another embodiment, the difunctionaliZed poly(arylene 
ether) has the structure 

x 

Wherein each occurrence of x is l to about 100, and Z is 0 or 

1. 

As discussed above, various synthetic methods may be 
used to prepare the difunctionaliZed poly(arylene ether). In 
one embodiment, the difunctionaliZed poly(arylene ether) is 
the product of a process comprising oxidatively polymerizing 
a monohydric phenol in the presence of a catalyst under 
conditions suitable to form a corresponding poly(arylene 
ether) and a corresponding diphenoquinone; separating the 
poly(arylene ether) and the diphenoquinone from the cata 
lyst; equilibrating the poly(arylene ether) and the dipheno 
quinone to form a poly(arylene ether) having tWo terminal 

hydroxy groups; and reacting the poly(arylene ether) having 
tWo terminal hydroxy groups With a capping agent to form the 

difunctionaliZed poly(arylene ether). An illustrative example 
of a corresponding poly(arylene ether) is poly(2,6-dimethyl 
l ,4-phenylene ether) prepared from oxidative polymerization 
of 2,6-dimethylphenol. An illustrative example of a corre 

sponding diphenoquinone is 3,3',5,5'-tetramethyl-4,4'-diphe 
noquinone formed by oxidation of 2,6-dimethylphenol. 

In another embodiment, the difunctionaliZed poly(arylene 
ether) is the product of oxidative copolymeriZation of a 
monohydric phenol and a dihydric phenol. Suitable monohy 
dric phenols generally have the structure 

H CH3 

H CH3 H 
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wherein Q1 is halogen, primary or secondary Cl-Cl2 alkyl, 
C2-Cl2 alkenyl, C2-Cl2 alkynyl, Cl-Cl2 aminoalkyl, Cl-Cl2 
hydroxyalkyl, phenyl, Cl-Cl2 haloalkyl, Cl-Cl2 aminoalkyl, 
C l —C l 2 hydrocarbyloxy, C2 —C l 2 halohydrocarbyloxy Wherein 
at least tWo carbon atoms separate the halogen and oxygen 
atoms, or the like; and Q2 is hydrogen, halogen, primary or 
secondary Cl-Cl2 allyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, 
Claminoalkyl, Cl-Cl2 hydroxyalkyl, phenyl, Cl-Cl2 
haloalkyl, Cl-Cl2 aminoalkyl, Cl-C hydrocarbyloxy, C2-Cl2 
halohydrocarbyloxy Wherein at least tWo carbon atoms sepa 
rate the halogen and oxygen atoms, or the like. Many speci?c 
monohydric phenols are described, for example, in US. Pat. 
No. 3,306,875 to Hay. In one embodiment, the monohydric 
phenol is 2,6-dimethylphenol, 2,3,6-trimethylphenol, or a 
mixture thereof. 

Suitable dihydric phenols generally have the structure 

HO Y 

Wherein each occurrence of R5 and R6 is independently 
hydrogen, halogen, primary or secondary Cl-Cl2 alkyl, 
C2-Cl2 alkenyl, C2-Cl2 alkynyl, Cl-Cl2 aminoalkyl, Cl-Cl2 
hydroxyalkyl, phenyl, C1 —C1 2 haloalkyl, C 1 —Cl 2 hydrocarby 
loxy, C2-Cl2 halohydrocarbyloxy Wherein at least tWo carbon 
atoms separate the halogen and oxygen atoms, or the like; Z is 
0 or 1; andY has the structure 

Wherein R7, R8, and R9 are each independently hydrogen, 
Cl-Cl2 hydrocarbyl, or the like. Speci?c suitable dihydric 
phenols include, for example, 3,3',5,5'-tetramethyl-4,4'-bi 
phenol, l,l-bis(4-hydroxyphenyl)methane, l,l-bis(4-hy 
droxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane 
(“bisphenol A” or “BPA”), 2,2-bis(4-hydroxyphenyl)butane, 
2,2-bis(4 -hydroxyphenyl)octane, l , l -bis(4 —hydroxyphenyl) 
propane, l,l-bis(4-hydroxyphenyl)-n-butane, bis(4-hydrox 
yphenyl)phenylmethane, 2,2-bis(4-hydroxy- l -methylphe 
nyl)propane, l,l-bis(4—hydroxy-t-butylphenyl)propane, bis 
(hydroxyaryl) alkanes such as 2,2-bis(4-hydroxy-2,6 
dimethylphenyl)propane (“tetramethyl bisphenol A” or 
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8 
“TMBPA”) 2,2-bis(4—hydroxy-3-bromophenyl)propane, l,l 
bis(4 —hydroxyphenyl)cyclopentane, bis(hydroxyaryl)cy 
cloalkanes such as l,l-bis(4—hydroxyphenyl)cyclohexane, 
and the like, and mixtures thereof. 

In one embodiment, the difunctionaliZed poly(arylene 
ether) is prepared by a method comprising isolation by 
devolatiliZation extrusion. Suitable procedures for devolatil 
iZation extrusion are described, for example, in US. Pat. No. 
6,384,176 B1 to Braat et al. In another embodiment, the 
difunctionaliZed poly(arylene ether) has less than 100 parts 
per million (ppm) of residual terminal ‘OH groups. Prepara 
tive procedures described in the Working examples beloW are 
capable of producing difunctionaliZed poly(arylene ether) 
resin meeting this limitation. Preparative procedures 
described in the Working examples beloW are capable of 
producing difunctionaliZed poly(arylene ether) resin meeting 
these limitations. 

In one embodiment, the difunctionaliZed poly(arylene 
ether) has a number average molecular Weight of about 1,000 
to about 10,000 atomic mass units (AMU), With the provisos 
that less than 10 Weight percent of the difunctionaliZed poly 
(arylene ether) has a number average molecular Weight less 
than about 500 AMU, and less than 25 Weight percent of the 
difunctionaliZed poly(arylene ether) has a number average 
molecular Weight less than about 1,000 AMU. In another 
embodiment, the difunctionaliZed poly(arylene ether) has a 
number average molecular Weight of at least about 10,000 
AMU, With the provisos that less than 2 Weight percent of the 
difunctionaliZed poly(arylene ether) has a number average 
molecular Weight less than about 500 AMU, and less than 5 
Weight percent, preferably less than 1 Weight percent, of the 
difunctionaliZed poly(arylene ether) has a number average 
molecular Weight less than about 1,000 AMU. 

In one embodiment, the difunctionaliZed poly(arylene 
ether) may have one or more of the folloWing properties: a 
number average molecular Weight less than 5,000 AMU, less 
than 1 Weight percent of polymer having a molecular Weight 
less than 500 AMU, less than 5 Weight percent of polymer 
having a molecular Weight greater than 30,000 AMU, at least 
200 micromoles per gram of “vinyl” (i.e., carbon-carbon 
double bond) functionality, an acid number less than 1 milli 
grams KOH per gram, and a decomposition onset tempera 
ture greater than 4500 C. Preparative procedures described in 
the Working examples beloW are capable of producing difunc 
tionaliZed poly(arylene ether) resin meeting these limitations. 
The curable composition comprises about 5 to about 90 

parts by Weight of the difunctionaliZed poly(arylene ether) 
per 100 parts by Weight total of the difunctionaliZed poly 
(arylene ether) and the ole?nically unsaturated monomer. 
Within this range, the amount of the difunctionaliZed poly 
(arylene ether) resin may speci?cally be at least about 10 parts 
by Weight, more speci?cally at least about 15 parts by Weight. 
Also Within this range, the amount of the difunctionaliZed 
poly(arylene ether) resin may speci?cally be up to about 80 
parts by Weight, more speci?cally up to about 60 parts by 
Weight, still more speci?cally up to about 50 parts by Weight. 

In addition to the difunctionaliZed poly(arylene ether), the 
curable composition comprises an ole?nically unsaturated 
monomer. The ole?nically unsaturated monomer is herein 
de?ned as a polymeriZable monomer comprising a carbon 
carbon double bound. Suitable ole?nically unsaturated 
monomers include, for example, alkenyl aromatic monomers, 
allylic monomers, acryloyl monomers, vinyl ethers, maleim 
ides, and the like, and mixtures thereof. 
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The alkenyl aromatic monomer may have the formula 

R10 

@181» 
q \2 

wherein each occurrence of R10 is independently hydrogen or 
C 1 -Cl 8 hydrocarbyl; each occurrence of R1 l is independently 
halogen, Cl-Cl2 alkyl, Cl-Cl2 alkoxyl, or C6-Cl8 aryl; q is l 
to 4; andr is 0 to 5. Unspeci?ed positions on the aromatic ring 
are substituted With hydrogen atoms. Suitable alkenyl aro 
matic monomers include, for example, styrene, ot-methylsty 
rene, 2-methylstyrene, 3-methylstyrene, 4-methylstyrene, 
2-t-butylstyrene, 3-t-butylstyrene, 4-t-butylstyrene, 1,3-divi 
nylbenZene, l,4-divinylbenZene, l,3-diisopropenylbenZene, 
l,4-diisopropenylbenZene, styrenes having from 1 to 5 halo 
gen substituents on the aromatic ring, and the like, and com 
binations thereof. In on embodiment, the alkenyl aromatic 
monomer is styrene. 

The ole?nically unsaturated monomer may be an allylic 
monomer. An allylic monomer is an organic compound com 

prising at least one allyl (4CH24CH:CH2) group. In one 
embodiment, the allylic monomer comprises at least tWo allyl 
groups. In another embodiment, the allylic monomer com 
prises at least three allyl groups. Suitable allylic monomers 
include, for example, diallyl phthalate, diallyl isophthalate, 
triallyl mellitate, triallyl mesate, triallyl benZenes, triallyl 
cyanurate, triallyl isocyanurate, mixtures thereof, partial 
polymeriZation products prepared therefrom, and the like, 
and mixtures thereof. 

The ole?nically unsaturated monomer may be an acryloyl 
monomer. An acryloyl monomer is a compound comprising 
at least one acryloyl moiety having the structure 

Wherein Rlz-Rl4 are each independently hydrogen, Cl-Cl2 
hydrocarbyl, C2-Cl8 hydrocarbyloxycarbonyl, nitrile, 
formyl, carboxylic acid, imidate, thiocarboxylic acid, or the 
like. In one embodiment, the acryloyl monomer comprises at 
least tWo acryloyl moieties. In another embodiment, the acry 
loyl monomer comprises at least three acryloyl moieties. 
Suitable acryloyl monomers include, for example, trimethy 
lolpropane tri(meth)acrylate, 1,6-hexanediol di(meth)acry 
late, neopentyl glycol di(meth)acrylate, ethylene glycol 
di(meth)acrylate, propylene glycol di(meth)acrylate, cyclo 
hexanedimethanol di(meth)acrylate, butanediol di(meth) 
acrylate, diethylene glycol di(meth)acrylate, triethylene gly 
col di(meth)acrylate, isobomyl(meth)acrylate, methyl(meth) 
acrylate, methacryloxypropyl trimethoxysilane, ethoxylated 
(2) bisphenol A di(meth)acrylate, and the like, and mixtures 
thereof. It Will be understood that the number folloWing the 
ethoxylated term refers to the average number of ethoxy 
groups in the ethoxylate chain attached to each oxygen of 
bisphenol A. In one embodiment, the acryloyl monomer com 
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10 
prises at least tWo acryloyl moieties. In another embodiment, 
the acryloyl monomer comprises at least three acryloyl moi 
eties. 
The ole?nically unsaturated monomer may be a vinyl 

ether. Vinyl ethers are compounds comprising at least one 
vinyl ether (4OiCH:CH2) group. In one embodiment the 
vinyl ether contains at least tWo vinyl ether groups. In another 
embodiment, the vinyl ether contains at least three vinyl ether 
groups. Suitable vinyl ethers include, for example, l,2-ethyl 
ene glycol divinyl ether, 1,3-propanediol divinyl ether, 1,4 
butanediol divinyl ether, triethyleneglycol divinyl ether, 1,4 
cyclohexanedimethanol divinyl ether, ethyl vinyl ether, 
n-butyl vinyl ether, lauryl vinyl ether, 2-chloroethyl vinyl 
ether, and the like, and mixtures thereof. 
The ole?nically unsaturated monomer may be a maleim 

ide. A maleimide is a compound comprising at least one 
moiety having the structure 

Suitable maleimides include, for example, N-phenylmaleim 
ide, l,4-phenylene-bis-methylene-0t,0t'-bismaleimide, 2,2 
bis(4-phenoxyphenyl)-N,N'-bismaleimide, N,N'-phenylene 
bismaleimide, N,N'-hexamethylene bismaleimide, N-N' 
diphenyl methane bismaleimide, N,N'-oxy-di-p-phenylene 
bismaleimide, N,N'-4,4'-benZophenone bismaleimide, N,N' 
p-diphenylsulfone bismaleimide, N,N'-(3,3'-dimethyl)meth 
ylene-di-p-phenylene bismaleimide, poly(phenylmethylene) 
polymaleimide, bis(4-phenoxyphenyl)sulfone-N,N'-bisma 
leimide, l,4-bis(4 -phenoxy)benZene-N,N'-bismaleimide, 
l,3-bis(4-phenoxy)benZene-N,N'-bismaleimide, l,3-bis(3 
phenoxy)benZene-N,N'-bismaleimide, and the like, and mix 
tures thereof. 

The composition may generally comprise about 10 to 
about 95 parts by Weight of the ole?nically unsaturated 
monomer per 100 parts by Weight total of the difunctionaliZed 
poly(arylene ether) and the ole?nically unsaturated mono 
mer. Within this range, the ole?nically unsaturated monomer 
amount may speci?cally be at least about 20 parts by Weight, 
more speci?cally at least about 30 parts by Weight. Also 
Within this range, the ole?nically unsaturated monomer 
amount may speci?cally be up to about 80 parts per Weight, 
more speci?cally up to about 60 parts by Weight. 
As the curable composition is de?ned as comprising mul 

tiple components, it Will be understood that each component 
is chemically distinct, particularly in the instance that a single 
chemical compound may satisfy the de?nition of more than 
one component. 

The curable composition may, optionally, further comprise 
a curing initiator. Curing initiators, also referred to as curing 
catalysts, are Well knoWn in the art and may be used to initiate 
the polymerization, curing, or crosslinking of numerous ther 
moplastics and thermosets including unsaturated polyester, 
vinyl ester and allylic thermosets. Non-limiting examples of 
curing initiators include those described in US. Pat. No. 
5,407,972 to Smith et al., and US. Pat. No. 5,218,030 to 
Katayose et al. The curing initiator may include any com 
pound capable of producing free radicals at elevated tempera 
tures. Such curing initiators may include both peroxy and 
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non-peroxy based radical initiators. Examples of useful per 
oxy initiators include, for example, benzoyl peroxide, 
dicumyl peroxide, methyl ethyl ketone peroxide, lauryl per 
oxide, cyclohexanone peroxide, t-butyl hydroperoxide, t-bu 
tyl benzene hydroperoxide, t-butyl peroctoate, 2,5-dimethyl 
hexane-2,5-dihydroperoxide, 2,5-dimethyl-2,5-di(t 
butylperoxy)-hex-3-yne, di-t-butylperoxide, t-butylcumyl 
peroxide, 0t,0t‘-bis(t-butylperoxy-m-isopropyl)benzene, 2,5 
dimethyl-2,5-di(t-butylperoxy)hexane, di(t-butylperoxy) 
isophthalate, t-butylperoxy benzoate, 2,2-bis(t-butylperoxy) 
butane, 2,2-bis(t-butylperoxy)octane, 2,5-dimethyl-2,5-di 
(benzoylperoxy)hexane, di(trimethylsilyl)peroxide, 
trimethylsilylphenyltriphenylsilyl peroxide, and the like, and 
mixtures thereof. Suitable non-peroxy initiators include, for 
example, 2,3-dimethyl-2,3-diphenylbutane, 2,3-trimethylsi 
lyloxy-2,3-diphenylbutane, and the like, and mixtures 
thereof. The curing initiator for the unsaturated portion of the 
thermoset may further include any compound capable of 
initiating anionic polymerization of the unsaturated compo 
nents. Such anionic polymerization initiators include, for 
example, alkali metal amides, such as sodium amide 
(NaNH2) and lithium diethyl amide (LiN(C2H5)2); alkali 
metal and ammonium salts of C l-C 1O alkoxides; alkali metal 
and ammonium hydroxides; alkali metal cyanides; organo 
metallic compounds such as the alkyl lithium compound 
n-butyl lithium; Grignard reagents such as phenyl magne 
sium bromide; and the like; and combinations thereof. In one 
embodiment, the curing initiator may comprise t-butylperoxy 
benzoate or dicumyl peroxide. The curing initiator may pro 
mote curing at a temperature in a range of about 0° C. to about 
2000 C. 
When present, the curing initiator may be used at about 0.1 

to about 5 parts by Weight per 100 parts by Weight total of the 
difunctionalized poly(arylene ether) and the ole?nically 
unsaturated monomer. Within this range, the curing initiator 
amount may speci?cally be at least about 0.5 part by Weight, 
more speci?cally at least about 1 part by Weight. Also Within 
this range, the curing initiator amount may speci?cally be up 
to about 4 parts by Weight, more speci?cally up to about 3 
parts by Weight. Alternatively, the curing initiator amount 
may be expressed in units of micromoles per gram of resin, 
Where “resin” consists of the difunctionalized poly(arylene 
ether) and the ole?nically unsaturated monomer. In this 
embodiment, the curing initiator amount is at least about 100 
micromoles per gram of resin. 

The curable composition may, optionally, further comprise 
a curing inhibitor. Suitable curing inhibitors include, for 
example, diazoaminobenzene, phenylacetylene, sym-trini 
trobenzene, p-benzoquinone, acetaldehyde, aniline conden 
sates, N,N'-dibutyl-o-phenylenediamine, N-butyl-p-ami 
nophenol, 2,4,6-triphenylphenoxyl, pyrogallol, catechol, 
hydroquinone, monoalkylhydroquinones, p-methoxyphenol, 
t-butylhydroquinone, Cl-C6-alkyl-substituted catechols, 
dialkylhydroquinone, 2,4,6-dichloronitrophenol, halogen 
ortho-nitrophenols, alkoxyhydroquinones, mono- and di- and 
polysul?des of phenols and catechols, thiols, oximes and 
hydrazones of quinone, phenothiazine, dialkylhydroxy 
lamines, and the like, and combinations thereof. Suitable 
curing inhibitors further include uncapped poly(arylene 
ether)s (i.e., poly(arylene ether)s having free hydroxyl 
groups). In one embodiment, the curing inhibitor comprises 
benzoquinone, hydroquinone, 4-t-butylcatechol, or a mixture 
thereof. 
When the curing inhibitor is present, it may be used at 

about 0.005 to about 1 part by Weight per 100 parts by Weight 
total of the difunctionalized poly(arylene ether) and the ole 
?nically unsaturated monomer. Within this range, the curing 
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12 
inhibitor amount may speci?cally be at least about 0.05 part 
by Weight, more speci?cally at least about 0.1 part by Weight. 
Also Within this range, the curing inhibitor amount may spe 
ci?cally be up to about 0.5 part by Weight, more speci?cally 
up to about 0.3 part by Weight. In one embodiment, the curing 
inhibitor amount may be expressed in units of micromoles per 
gram of resin, Where “resin” consists of the difunctionalized 
poly(arylene ether) and the ole?nically unsaturated mono 
mer. In this embodiment, the curing inhibitor amount may be 
at least about 50 micromoles per gram of resin. 

The composition may, optionally, further comprise an 
adhesion promoter to improve adhesion betWeen the cured 
composition and metallic substrates, particularly leadframes 
used in semiconductor packages. Suitable adhesion promot 
ers include metal (meth)acrylate salts, combinations of an 
aromatic epoxy compound and an aromatic amine, copoly 
mers of a vinyl aromatic compound and an 0t,[3-unsaturated 
cyclic anhydride, partially (meth)acrylated epoxy com 
pounds, and the like, and mixtures thereof. Metal (meth) 
acrylate salts may have the structure 

Wherein each occurrence of R1 5 is independently hydrogen or 
methyl, M is a metal from Groups l-l 5 of the periodic table, 
and p is an integer from 1 to 6 corresponding to the valence of 
M. In one embodiment, M is a metal from Groups 1, 2, 12, or 
13 of the periodic table. In one embodiment, M is zinc and p 
is 2. Combinations of an aromatic epoxy compound and an 
aromatic amine include those copolymers Where the aromatic 
epoxy compound is a bisphenol-based epoxy resin (e. g., 
bisphenolA glycidyl ethers, bisphenol F glycidyl ethers, 4,4‘ 
diphenol glycidyl ethers, 2,2',6,6'-tetramethyl-4,4'-diphenol 
glycidyl ethers), a novolak-type epoxy resin, or the like, or 
mixtures thereof; and the aromatic amine is a monocyclic 
aromatic amine (e.g., aniline, toluidine), a monocyclic aro 
matic diamine (e. g., diaminobenzene, xylylenediamine), a 
monocyclic aromatic amino alcohol (e.g., aminophenols), a 
polycyclic aromatic diamine (e. g., diaminodiphenyl 
methanes, tetramethyldiaminodiphenylmethanes, and diami 
nodiphenylsulfones), a polycyclic aromatic amine, or the 
like, or mixtures thereof. The aromatic epoxy compound and 
the aromatic amine may be used in a ratio such that the molar 
ratio of epoxy groups to amino hydrogen atoms is about 1 :2 to 
about 2:1. When the adhesion promoter comprises a copoly 
mer of a vinyl aromatic compound and an 0t,[3-unsaturated 
cyclic anhydride, the vinyl aromatic compound may have the 
structure described above in the context of alkenyl aromatic 
monomers, and the 0t,[3-unsaturated cyclic anhydride may be 
a C4-Cl2 cyclic anhydride. A preferred copolymer of a vinyl 
aromatic compound and an 0t,[3-unsaturated cyclic anhydride 
is a copolymer of styrene and maleic anhydride having a 
styrene content of about 50 to about 95 Weight percent and a 
maleic anhydride content of about 5 to about 50 Weight per 
cent. When the adhesion promoter comprises a partially 
(meth)acrylated epoxy compound, that compound is the reac 
tion product of an aromatic epoxy compound, as described 
above, and acrylic acid or methacrylic acid, such that about 5 
to about 95% of the epoxy moieties have been reacted to form 
(meth)acrylate ester groups. When present, the adhesion pro 
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moter may be used in an amount of about 0. l to about 20 parts 
by Weight per 100 parts by Weight total of the difunctionaliZed 
poly(arylene ether) and the ole?nically unsaturated mono 
mer. Within this range, the adhesion promoter amount may 
speci?cally be at least about 1 part by Weight, more speci? 
cally at least about 3 parts by Weight. Also Within this range, 
the adhesion promoter amount may speci?cally be up to 
about 15 parts by Weight, more speci?cally up to about 10 
parts by Weight. 

In one embodiment, the curable composition comprises a 
functionaliZed poly(arylene ether); an ole?nically unsatur 
ated monomer; and an adhesion promoter selected from metal 
(meth)acrylate salts, combinations of an aromatic epoxy 
compound and an aromatic amine, copolymers of a vinyl 
aromatic compound and an 0t, [3-unsaturated cyclic anhydride, 
partially (meth)acrylated epoxy compounds, and mixtures 
thereof. In this embodiment the functionaliZed poly(arylene 
ether) may be a capped poly(arylene ether) or a ring-func 
tionaliZed poly(arylene ether), each of Which is de?ned 
beloW. 

The functionaliZed poly(arylene ether) may be a capped 
poly(arylene ether). A capped poly(arylene ether) is de?ned 
herein as a poly(arylene ether) in Which at least 50%, prefer 
ably at least 75%, more preferably at least 90%, yet more 
preferably at least 95%, even more preferably at least 99%, of 
the free hydroxyl groups present in the corresponding 
uncapped poly(arylene ether) have been functionaliZed by 
reaction With a capping agent. 

The capped poly(arylene ether) may be represented by the 
structure 

Wherein Q is the residuum of a monohydric, dihydric, or 
polyhydric phenol, preferably the residuum of a monohydric 
or dihydric phenol, more preferably the residuum of a mono 
hydric phenol; y is l to 100; J comprises repeating structural 
units having the formula 

m 

Wherein m is l to about 200, preferably 2 to about 200; R2 and 
R4 are each independently halogen, primary or secondary 
Cl-Cl2 alkyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, Cl-Cl2 ami 
noalkyl, Cl-Cl2 hydroxyalkyl, phenyl, Cl-Cl2 haloalkyl, 
Cl-Cl2 hydrocarbonoxy, C2-Cl2 halohydrocarbonoxy 
Wherein at least tWo carbon atoms separate the halogen and 
oxygen atoms, or the like; R1 and R3 are each independently 
hydrogen, halogen, primary or secondary Cl-Cl2 alkyl, 
C2-Cl2 alkenyl, C2-Cl2 alkynyl, Cl-Cl2 aminoalkyl, Cl-Cl2 
hydroxyalkyl, phenyl, Cl-Cl2 haloalkyl, Cl-Cl2 hydrocar 
bonoxy, C2-Cl2 halohydrocarbonoxy Wherein at least tWo 
carbon atoms separate the halogen and oxygen atoms, or the 
like; and K is a capping group produced by reaction of a 
phenolic hydroxyl group on the poly(arylene ether) With a 
capping reagent. The resulting capping group may be 
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R6 

_Y_Rs Y \ 
, R7 , 

R8 
R9 R10 

_Y R11, 

R13 R12 

or the like, Wherein R5 is C l-C 1 2 alkyl, or the like; R6-R8 are 
each independently hydrogen, C l-C 12 alkyl, C2-Cl2 alkenyl, 
C6-Cl8 aryl, C7-Cl8 alkyl-substituted aryl, C7-Cl8 aryl-sub 
stituted alkyl, C2-Cl2 alkoxycarbonyl, C7-C 18 aryloxycarbo 
nyl, C7-Cl8 alkyl-substituted aryloxycarbonyl, C7-Cl8 aryl 
substituted alkoxycarbonyl, nitrile, formyl, carboxylate, 
imidate, thiocarboxylate, or the like; R9-Rl3 are each inde 
pendently hydrogen, halogen, C l-C 1 2 alkyl, hydroxy, amino, 
or the like; and WhereinY is a divalent group such as 

TEL. ill. ill. 7 
R14 

| 
C , 

| 
R15 

or the like, wherein R14 and R15 are each independently 
hydrogen, C l-C 12 alkyl, or the like. 

In one embodiment, Q is the residuum of a phenol, includ 
ing polyfunctional phenols, and includes radicals of the struc 
ture 

Wherein Rl-R4 are each independently hydrogen, halogen, 
primary or secondary Cl-Cl2 alkyl, Cl-Cl2 alkenyl, Cl-Cl2 
alkynyl, Cl-Cl2 aminoalkyl, Cl-Cl2 hydroxyalkyl, phenyl, 
Cl-Cl2 haloalkyl, Cl-Cl2 aminoalkyl, Cl-Cl2 hydrocarbon 
oxy, C l-Cl 2 halohydrocarbonoxy Wherein at least tWo carbon 
atoms separate the halogen and oxygen atoms, or the like; X 
may be hydrogen, Cl-Cl2 allyl, C6-Cl8 aryl, C7-Cl8 alkyl 
substituted aryl, C7-Cl8 aryl-substituted alkyl, or any of the 
foregoing hydrocarbon groups containing at least one sub 
stituent such as carboxylic acid, aldehyde, alcohol, amino 
radicals, or the like; X also may be sulfur, sulfonyl, sulfuryl, 
oxygen, or other such bridging group having a valence of 2 or 
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greater to result in various bis- or higher polyphenols; y and n 

are each independently 1 to about 100, preferably 1 to 3, and 

more preferably about 1 to 2; in a preferred embodiment, yIn. 
Q may also be the residuum ofa diphenol, such as 2,2',6,6' 
tetramethyl-4,4'-diphenol or bisphenol A. 

In one embodiment, the capped poly(arylene ether) is pro 
duced by capping a poly(arylene ether) consisting essentially 
of the polymerization product of at least one monohydric 
phenol having the structure 

R1 R2 

Wherein Rl-R4 are each independently hydrogen, halogen, 
primary or secondary Cl-Cl2 alkyl, C2-Cl2 alkenyl, C2-Cl2 
alkynyl, Cl-Cl2 aminoalkyl, Cl-Cl2 hydroxyalkyl, phenyl, 
Cl-Cl2 haloalkyl, Cl-Cl2 hydrocarbonoxy, C2-Cl2 halohy 
drocarbonoxy Wherein at least tWo carbon atoms separate the 

halogen and oxygen atoms, or the like. Suitable monohydric 
phenols include those described in Us. Pat. No. 3,306,875 to 
Hay, and highly preferred monohydric phenols include 2,6 
dimethylphenol and 2,3,6-trimethylphenol. The poly(arylene 
ether) may be a copolymer of at least tWo monohydric phe 
nols, such as 2,6-dimethylphenol and 2,3,6-trimethylphenol. 
In another embodiment, the capped poly(arylene ether) com 
prises the difunctionaliZed poly(arylene ether) described 
above. 

In a preferred embodiment, the capped poly(arylene ether) 
comprises at least one capping group having the structure 

‘E R6 

w 
Wherein R6-R8 are each independently hydrogen, Cl-Cl2 
alkyl, C2-Cl2 alkenyl, C6-Cl8 aryl, C7-Cl8 alkyl-substituted 
aryl, C7-Cl8 aryl-substituted alkyl, C2-Cl2 alkoxycarbonyl, 
C7-Cl8 aryloxycarbonyl, C7-Cl8 alkyl-substituted aryloxy 
carbonyl, C7-Cl8 aryl-substituted alkoxycarbonyl, nitrile, 
formyl, carboxylate, imidate, thiocarboxylate, or the like. 
Highly preferred capping groups include acrylate 
(R6:R7:R8:hydrogen) and methacrylate (R6:methyl, 
R7:R8:hydrogen). 

The functionaliZed poly(arylene ether) may be a ring-func 
tionaliZed poly(arylene ether). A ring-functionaliZed poly 
(arylene ether) is de?ned herein as a poly(arylene ether) com 
prising repeating structural units of the formula 
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Wherein each Ll-L4 is independently hydrogen, an alkenyl 
group, or an alkynyl group; Wherein the alkenyl group is 
represented by 

Wherein L5 -L7 are independently hydrogen or methyl, and a is 
an integer from 1 to 4; Wherein the alkynyl group is repre 
sented by 

Wherein L8 is hydrogen, methyl, or ethyl, and b is an integer 
from 1 to 4; and Wherein about 0.02 mole percent to about 25 
mole percent of the total Ll-L4 substituents in the ring-func 
tionaliZed poly(arylene ether) are alkenyl and/or alkynyl 
groups. Within this range, it may be preferred to have at least 
about 0.1 mole percent, more preferably at least about 0.5 
mole percent, alkenyl and/ or alkynyl groups. Also Within this 
range, it may be preferred to have up to about 1 5 mole percent, 
more preferably up to about 10 mole percent, alkenyl and/or 
alkynyl groups. 
The ring-functionaliZed poly(arylene ether) may be pre 

pared according to knoWn methods. For example, an unfunc 
tionaliZed poly(arylene ether) such as poly(2,6-dimethyl-1,4 
phenylene ether) may be metaliZed With a reagent such as 
n-butyl lithium and subsequently reacted With an alkenyl 
halide such as allyl bromide and/or an alkynyl halide such as 
propargyl bromide. This and other methods for preparation of 
ring-functionaliZed poly(arylene ether) resins are described, 
for example, in Us. Pat. No. 4,923,932 to Katayose et al. 

There is no particular limitation on the molecular Weight or 
intrinsic viscosity of the functionaliZed poly(arylene ether). 
In one embodiment, the composition may comprise a func 
tionaliZed poly(arylene ether) having a number average 
molecular Weight up to about 10,000 atomic mass units 
(AMU), preferably up to about 5,000 AMU, more preferably 
up to about 3,000 AMU. Such a functionaliZed poly(arylene 
ether) may be useful in preparing and processing the compo 
sition by reducing its viscosity. 

In another embodiment, the composition may comprise a 
functionaliZed poly(arylene ether) having an intrinsic viscos 
ity of about 0.08 to about 0.30 deciliters per gram (dL/g), 
preferably about 0.12 to about 0.30 dL/g, more preferably 
about 0.15 to about 0.25 dL/g as measured in chloroform at 
250 C. Generally, the intrinsic viscosity of a functionaliZed 
poly(arylene ether) Will vary insigni?cantly from the intrinsic 
viscosity of the corresponding unfunctionaliZed poly(arylene 
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ether). Speci?cally, the intrinsic viscosity of a functionaliZed 
poly(arylene ether) Will generally be Within 10% of that of the 
unfunctionaliZed poly(arylene ether). These intrinsic viscosi 
ties may correspond approximately to number average 
molecular Weights of about 5,000 to about 25,000 AMU. 
Within this range, a number average molecular Weight of at 
least about 8,000 AMU may be preferred, and a number 
average molecular Weight of at least about 10,000 AMU may 
be more preferred. Also Within this range, a number average 
molecular Weight up to about 20,000 AMU may be preferred. 
Such a functionaliZed poly(arylene ether) may provide the 
composition With a desirable balance of toughness and pro 
cessability. It is expressly contemplated to employ blends of 
at least tWo functionaliZed poly(arylene ether)s having differ 
ent molecular Weights and intrinsic viscosities. 

Methods for the preparation of functionaliZed poly(arylene 
ethers) as Well as additional suitable functionaliZed poly 
(arylene ether) structures, are described in Us. Patent Appli 
cation Publication No. 2003-0096123 A1 to Yeager et al. 
When the composition comprises a functionaliZed poly 

(arylene ether), an ole?nically unsaturated monomer, and an 
adhesion promoter, it may comprise the functionaliZed poly 
(arylene ether) in an amount of comprising about 1 to about 
90 parts by Weight per 100 parts by Weight total of the func 
tionaliZed poly(arylene ether), the ole?nically unsaturated 
monomer, and the adhesion promoter. Within this range, it 
may be preferred to use a functionaliZed poly(arylene ether) 
amount of at least about 5 parts by Weight, more preferably at 
least about 10 parts by Weight, still more preferably at least 
about 15 parts by Weight. Also Within this range, it may be 
preferred to use a functionaliZed poly(arylene ether) amount 
of up to about 80 parts by Weight, more preferably up to about 
60 parts by Weight, yet more preferably up to about 40 parts 
by Weight, still more preferably up to about 30 parts by 
Weight. The composition may comprise about 10 to about 95 
parts by Weight of the ole?nically unsaturated monomer per 
100 parts by Weight total of the functionaliZed poly(arylene 
ether), the ole?nically unsaturated monomer, and the adhe 
sion promoter. Within this range, the ole?nically unsaturated 
monomer amount may speci?cally be at least about 20 parts 
by Weight, more speci?cally at least about 30 parts by Weight. 
Also Within this range, the ole?nically unsaturated monomer 
amount may speci?cally be up to about 90 parts per Weight, 
more speci?cally up to about 80 parts by Weight. The com 
position may comprise the adhesion promoter in an amount of 
about 0.1 to about 30 parts by Weight per 100 parts by Weight 
total of the functionaliZed poly(arylene ether), the ole?nically 
unsaturated monomer, and the adhesion promoter. Within this 
range, the adhesion promoter amount may speci?cally be at 
least about 1 parts by Weight, more speci?cally at least about 
3 parts by Weight, even more speci?cally at least 5. Also 
Within this range, the adhesion promoter amount may speci? 
cally be up to about 20 parts by Weight, more speci?cally up 
to about 15 parts by Weight. 
One embodiment is a cured composition obtained on cur 

ing a curable composition comprising a functionaliZed poly 
(arylene ether), an ole?nically unsaturated monomer, and an 
adhesion promoter. The cured composition may be used to 
formuseful articles. One embodiment is an article comprising 
the cured composition and a metallic substrate, Wherein, 
Wherein the article is formed by curing the curable composi 
tion in contact With the metallic substrate thereby forming an 
adhesive bond betWeen the cured composition and the metal 
lic substrate. The metallic substrate may be, for example, a 
copper foil. 

The composition may, optionally, further comprise one or 
more ?llers, including particulate ?llers and ?brous ?llers. 
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Examples of such ?llers are Well knoWn in the art and include 
those described in “Plastic Additives Handbook, 4th Edition” 
R. Gachter and H. Muller (eds.), P. P. Klemchuck (assoc. ed.) 
Hanser Publishers, NeW York 1993, pages 901-948. A par 
ticulate ?ller is herein de?ned as a ?ller having an average 
aspect ratio less than about 5:1. Non-limiting examples of 
?llers include silica poWder, such as fused silica and crystal 
line silica; boron-nitride poWder and boron-silicate poWders 
for obtaining cured products having high thermal conductiv 
ity, loW dielectric constant and loW dielectric loss tangent; the 
above-mentioned poWder as Well as alumina, and magnesium 
oxide (or magnesia) for high temperature conductivity; and 
?llers, such as Wollastonite including surface-treated Wollas 
tonite, calcium sulfate (in its anhydrous, hemihydrated, dihy 
drated, or trihydrated forms), calcium carbonate including 
chalk, limestone, marble and synthetic, precipitated calcium 
carbonates, generally in the form of a ground particulate 
Which often comprises 98+% CaCO3 With the remainder 
being other inorganics such as magnesium carbonate, iron 
oxide, and alumino-silicates; surface-treated calcium carbon 
ates; talc, including ?brous, nodular, needle shaped, and 
lamellar talc; glass spheres, both holloW and solid, and sur 
face-treated glass spheres typically having coupling agents 
such as silane coupling agents and/or containing a conductive 
coating; and kaolin, including hard, soft, calcined kaolin, and 
kaolin comprising various coatings knoWn to the art to facili 
tate the dispersion in and compatibility With the thermoset 
resin; mica, including metalliZed mica and mica surface 
treated With aminosilane or acryloylsilane coatings to impart 
good physical properties to compounded blends; feldspar and 
nepheline syenite; silicate spheres; ?ue dust; cenospheres; 
?llite; aluminosilicate (armospheres), including silanized and 
metalliZed aluminosilicate; natural silica sand; quartz; 
quartzite; perlite; Tripoli; diatomaceous earth; synthetic 
silica, including those With various silane coatings, and the 
like. 

In one embodiment, the particulate ?ller is a fused silica 
having an average particle siZe of about 1 to about 50 
micrometers. A representative particulate ?ller comprises a 
?rst fused silica having a median particle siZe of about 0.03 
micrometer to less than 1 micrometer, and a second fused 
silica having a median particle siZe of at least 1 micrometer to 
about 30 micrometers. The fused silicas may have essentially 
spherical particles, typically achieved by re-melting. Within 
the siZe range speci?ed above, the ?rst fused silica may spe 
ci?cally have a median particle siZe of at least about 0.1 
micrometer, speci?cally at least about 0.2 micrometer. Also 
Within the siZe range above, the ?rst fused silica may speci? 
cally have a median particle siZe of up to about 0.9 microme 
ter, more speci?cally up to about 0.8 micrometer. Within the 
siZe range speci?ed above, the second fused silica may spe 
ci?cally have a median particle siZe of at least about 2 
micrometers, speci?cally at least about 4 micrometers. Also 
Within the siZe range above, the second fused silica may 
speci?cally have a median particle siZe of up to about 25 
micrometers, more speci?cally up to about 20 micrometers. 
In one embodiment, the composition comprises the ?rst fused 
silica and the second fused silica in a Weight ratio in a range 
of about 70:30 to about 99: 1, speci?cally in a range of about 
80:20 to about 95:5. 

Fibrous ?llers include short inorganic ?bers, including pro 
cessed mineral ?bers such as those derived from blends com 
prising at least one of aluminum silicates, aluminum oxides, 
magnesium oxides, and calcium sulfate hemihydrate. Also 
included among ?brous ?llers are single crystal ?bers or 
“Whiskers” including silicon carbide, alumina, boron carbide, 
carbon, iron, nickel, copper. Also included among ?brous 
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?llers are glass ?bers, including textile glass ?bers such as E, 
A, C, ECR, R, S, D, and NE glasses and quartz. Representa 
tive ?brous ?llers include glass ?bers having a diameter in a 
range of about 5 to about 25 micrometers and a length before 
compounding in a range of about 0.5 to about 4 centimeters. 
Many other suitable ?llers are described in US. Pat. No. 
6,627,704 B2 to Yeager et al. 

While it may be preferred to use nonconductive ?llers for 
plastic-packaged electronic devices, the composition may be 
used for other applications in Which conductive ?llers are 
desirable. For such applications, suitable conductive ?llers 
include graphite, conductive carbon black, conductive carbon 
?bers including single-Wall carbon nanotubes and multi-Wall 
carbon nanotubes, metal ?bers, metal particles, particles of 
intrinsically conductive polymers, and the like, and mixtures 
thereof. 

The formulation may also contain adhesion promoters to 
improve adhesion of the thermosetting resin to the ?ller or to 
an external coating or substrate. Also possible is treatment of 
the aforementioned inorganic ?llers With adhesion promoter 
to improve adhesion. Adhesion promoters include chromium 
complexes, silanes, titanates, Zirco-aluminates, propylene 
maleic anhydride copolymers, reactive cellulose esters and 
the like. Chromium complexes include those sold by DuPont 
under the tradename VOLAN®. Silanes include molecules 
having the general structure (RO)(4_n)SiYn Wherein n:1-3, R 
is an alkyl or aryl group andY is a reactive functional group 
Which can enable formation of a bond With a polymer mol 
ecule. Particularly useful examples of coupling agents are 
those having the structure (RO)3SiY. Typical examples 
include vinyl triethoxysilane, vinyl tris(2-methoxy)silane, 
phenyl trimethoxysilane, y-methacryloxypropyltrimethoxy 
silane, y-aminopropyltriethoxysilane, y-glycidoxypropyltri 
methoxysilane, y-mercaptopropyltrimethoxysilane, and the 
like. Silanes further include molecules lacking a reactive 
functional group, such as, for example, trimethoxyphenylsi 
lane. Titanates include those developed by S. J. Monte et al. in 
Ann. Chem. Tech Conf. SP1 (1980), Ann. Tech Conf. Rein 

forced Plastics and Composite Inst. SP1 1979, Section 16E, 
NeW Orleans; and S. J. Monte, Mod. Plastics lnt., volume 14, 
number 6, pg. 2 (1984). Zirco-aluminates include those 
described by L. B. Cohen in Plastics Engineering, volume 39, 
number 11, page 29 (1983). The adhesion promoter may be 
included in the thermosetting resin itself, or coated onto any 
of the ?llers described above to improve adhesion betWeen 
the ?ller and the thermosetting resin. For example such pro 
moters may be used to coat a silicate ?ber or ?ller to improve 
adhesion of the resin matrix. 

When present, the particulate ?ller may be used in an 
amount of about 5 to about 95 Weight percent, based on the 
total Weight of the composition. Within this range, the par 
ticulate ?ller amount may speci?cally be at least about 20 
Weight percent, more speci?cally at least about 40 Weight 
percent, even more speci?cally at least about 75 Weight per 
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cent. Also Within this range, the particulate ?ller amount may 
speci?cally be up to about 93 Weight percent, more speci? 
cally up to about 91 Weight percent. 
When present, the ?brous ?ller may be used in an amount 

of about 2 to about 80 Weight percent, based on the total 
Weight of the composition. Within this range, the ?brous ?ller 
amount may speci?cally be at least about 5 Weight percent, 
more speci?cally at least about 10 Weight percent, yet more 
speci?cally at least about 15 Weight percent. Also Within this 
range the ?brous ?ller amount may speci?cally be up to about 
60 Weight percent, more speci?cally up to about 40 Weight 
percent, still more speci?cally up to about 30 Weight percent. 
The aforementioned ?llers may be added to the thermoset 

ting resin Without any treatment, or after surface treatment, 
generally With an adhesion promoter. 
The curable composition may, optionally, further comprise 

one or more additives knoWn in the art, such as, for example, 
dyes, pigments, colorants, antioxidants, heat stabiliZers, light 
stabiliZers, plasticiZers, lubricants, ?oW modi?ers, drip retar 
dants, ?ame retardants, antiblocking agents, antistatic agents, 
?oW-promoting agents, processing aids, substrate adhesion 
agents, mold release agents, toughening agents, loW-pro?le 
additives, stress-relief additives, and the like, and combina 
tions thereof. Those skilled in the art may select suitable 
additives and determine suitable amounts Without undue 
experimentation. 
One advantage of the curable compositions is their 

improved molding properties. For example, the curable com 
position may exhibit a spiral How of at least about 50 centi 
meters measured at a temperature in the range of about 130 to 
about 1800 C. and a pressure in the range of about 3 to about 
7 megapascals, as measured according to the procedure 
described beloW. 

In one embodiment, the curable composition comprises a 
difunctionaliZed poly(arylene ether) having an intrinsic vis 
cosity ofabout 0.08 to about 0.25 deciliter per gram at 250 C.; 
Wherein the difunctionaliZed poly(arylene ether) has the 
structure 

x 

Wherein Q1 is methyl, each occurrence of Q2 is independently 
hydrogen or methyl, each occurrence of R2 is independently 
hydrogen or methyl, R3 and R4 are hydrogen, R8 and R9 are 
independently hydrogen or Cl-C6 hydrocarbyl, and each 
occurrence of x is 1 to about 100; an ole?nically unsaturated 
monomer comprising an acryloyl monomer comprising at 
least tWo acryloyl moieties; a cure initiator selected from 
benZoyl peroxide, dicumyl peroxide, methyl ethyl ketone 
peroxide, lauryl peroxide, cyclohexanone peroxide, t-butyl 
hydroperoxide, t-butyl benZene hydroperoxide, t-butyl per 
octoate, 2,5 -dimethylhexane-2,5 -dihydroperoxide, 2,5 -dim 
ethyl-2,5-di(t-butylperoxy)-hex-3-yne, di-t-butylperoxide, 
t-butylcumyl peroxide, 0t,0t‘-bis(t-butylperoxy-m-isopropyl) 
benZene, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, di(t-bu 
tylperoxy) isophthalate, t-butylperoxy benZoate, 2,2-bis(t 
butylperoxy)butane, 2,2-bis(t-butylperoxy)octane, 2,5 
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dimethyl-2,5-di(benZoylperoxy)hexane, di(trimethylsilyl) 
peroxide, trimethylsilylphenyltriphenylsilyl peroxide, and 
mixtures thereof; and a curing inhibitor selected from diaZ 
oaminobenZene, phenylacetylene, sym-trinitrobenZene, 
p-benZoquinone, acetaldehyde, aniline condensates, N,N' 
dibutyl-o-phenylenediamine, N-butyl-p-aminophenol, 2,4,6 
triphenylphenoxyl, pyrogallol, catechol, hydroquinone, 
monoalkylhydroquinones, p-methoxyphenol, t-butylhydro 
quinone, Cl-C6-alkyl-substituted catechols, 4-t-butylcat 
echol, dialkylhydroquinone, 2,4,6-dichloronitrophenol, 
halogen-ortho-nitrophenols, alkoxyhydroquinones, mono 
and di- and polysul?des of phenols and catechols, thiols, 
oximes and hydraZones of quinone, phenothiaZine, dialkyl 
hydroxylamines, and mixtures thereof. 

In another embodiment, the curable composition com 
prises about 5 to about 90 parts by Weight of a difunctional 
iZed poly(arylene ether) having an intrinsic viscosity of about 
0.08 to about 0.20 deciliter per gram at 25° C.; Wherein the 
difunctionaliZed poly(arylene ether) has the structure 

cH3 

Wherein each occurrence of x is l to about 50, and Z is 0 or 1; 
about 5 to about 90 parts by Weight of an acryloyl monomer 
selected from trimethylolpropane tri(meth)acrylate, 1,6-hex 
anediol di(meth)acrylate, neopentyl glycol di(meth)acrylate, 
ethylene glycol di(meth)acrylate, propylene glycol di(meth) 
acrylate, cyclohexanedimethanol di(meth)acrylate, butane 
diol di(meth)acrylate, diethylene glycol di(meth)acrylate, tri 
ethylene glycol di(meth)acrylate, isobornyl(meth)acrylate, 
methyl(meth)acrylate, methacryloxypropyl trimethoxysi 
lane, ethoxylated (2) bisphenol A di(meth)acrylate, or a mix 
ture of at least tWo of the foregoing acryloyl monomers; about 
0.2 to about 5 part by Weight of a curing initiator selected from 
benZoyl peroxide, dicumyl peroxide, methyl ethyl ketone 
peroxide, lauryl peroxide, cyclohexanone peroxide, t-butyl 
hydroperoxide, t-butyl benZene hydroperoxide, t-butyl per 
octoate, 2,5-dimethylhexane-2,5-dihydroperoxide, 2,5-dim 
ethyl -2 , 5 -di (t-butylperoxy)-hex-3 -yne, di -t-butylperoxide, 
t-butylcumyl peroxide, 0t,0t'-bis(t-butylperoxy-m-isopropyl) 
benZene, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, di(t-bu 
tylperoxy) isophthalate, t-butylperoxy benZoate, 2,2-bis(t 
butylperoxy)butane, 2,2-bis(t-butylperoxy)octane, 2,5 
dimethyl-2,5-di(benZoylperoxy)hexane, di(trimethylsilyl) 
peroxide, trimethylsilylphenyltriphenylsilyl peroxide, and 
mixtures thereof; and about 0.005 to about 1 part by Weight of 
a curing inhibitor selected from diaZoaminobenZene, pheny 
lacetylene, sym-trinitrobenZene, p-benZoquinone, acetalde 
hyde, aniline condensates, N,N'-dibutyl-o-phenylenedi 
amine, N-butyl-p-aminophenol, 2,4,6-triphenylphenoxyl, 
pyrogallol, catechol, hydroquinone, monoalkylhydroquino 
nes, p-methoxyphenol, t-butylhydroquinone, Cl-C6-alkyl 
substituted catechols, 4-t-butylcatechol, dialkylhydro 
quinone, 2,4,6-dichloronitrophenol, halogen-ortho 
nitrophenols, alkoxyhydroquinones, mono- and di- and 
polysul?des of phenols and catechols, thiols, oximes and 
hydraZones of quinone, phenothiaZine, dialkylhydroxy 
lamines, and mixtures thereof; Wherein all parts by Weight are 
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based on 100 parts by Weight total for the difunctionaliZed 
poly(arylene ether) and the acryloyl monomer. 

Another embodiment is a method of forming a curable 
composition, comprising: blending a difunctionaliZed poly 
(arylene ether) having an intrinsic viscosity of about 0.05 to 
about 0.30 deciliter per gram at 25° C., and an ole?nically 
unsaturated monomer to form an intimate blend. 
One embodiment is a cured composition obtained by cur 

ing any of the above-described curable compositions. It Will 
be understood that the term “curing” includes partially curing 
and fully curing. Because the components of the curable 
composition may react With each other during curing, the 
cured compositions may be described as comprising the reac 
tion products of the curable composition components. 
One advantage of the curable compositions is that they 

exhibit excellent stiffness and impact strength after curing. 
For example, the cured composition may exhibit a ?exural 
strength of at least about 90 megapascals, measured accord 
ing to ASTM D790. As another example, the cured compo 

sition may exhibit a break energy of at least 0.8 joules, mea 
sured according to ASTM D790. 
Another advantage of the curable compositions is that they 

exhibit excellent dispersion of the poly(arylene ether) phase 
after curing. For example, the cured composition may exhibit 
a domain siZe of cured ole?nically unsaturated monomer 
phase encapsulated by poly(arylene ether) of about 50 
nanometers to about 1 micrometer, as determined by trans 
mission electron microscopy. This high degree of poly 
(arylene ether) dispersion translates into multiple property 
advantages, including improved uniformity of surface 
appearance. 

Another embodiment is an article comprising any of the 
cured compositions. The curable composition is useful for 
fabricating a Wide range of articles, and it is particularly 
suitable for use as an encapsulant for electronic devices. 
The invention is further illustrated by the folloWing non 

limiting examples. 

EXAMPLE 1 

This example describes the preparation of a redistributed 
polyphenylene ether resin. To a three-necked ?ask Were 
added poly(2,6-dimethyl-l ,4-phenylene ether) (intrinsic vis 
cosity:0.46 deciliters/gram (dL/g), 90 grams (g)), toluene 
(260 milliliters (mL)), and bisphenol A (5.4 g). The reaction 
mixture Was heated to 90° C. to form a homogeneous solu 
tion. To the heated solution Was added benZoyl peroxide (5.4 
g) portion-Wise. After the addition Was complete, the reaction 
Was maintained at 90° C. for about tWo hours. The solution 
Was then cooled to room temperature and the product 
polyphenylene ether Was precipitated from methanol. The 
resulting material contained 0.56 Weight percent hydroxyl 
groups (as iOH). Hydroxyl end groups Were measured by 
derivatiZation With a phosphorus reagent and quanti?cation 
by 31P NMR, as described in K. P. Chan, D. S. Argyropoulos, 
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D. M. White, G. W. Yeager and A. S. Hay, Macromolecules, 
1994, volume 27, pages 6371 ff. 

EXAMPLES 2-9 

COMPARATIVE EXAMPLES 1 AND 2 

Several redistributed poly(arylene ether) resins Were pre 
pared using the procedure of Example 1 and variations in the 
intrinsic viscosity of the poly(arylene ether) starting material, 
the concentration of bisphenol A, and the concentration of 
benzoyl peroxide. All reactions Were run at 25 Weight percent 
solids in toluene. One sample, Example 6, also used a modi 
?ed Work-up in Which the sample Was re?uxed With pyrroli 
dine to remove any benzoate ester groups from the redistrib 

uted polyphenylene ether. After the reaction mixture Was 
cooled to room temperature, the product Was precipitated by 
combining one volume of the cooled reaction mixture With 
tWice the volume of methanol. The precipitate Was ?ltered 
and Washed With additional methanol. Hydroxyl group con 

24 
tent Was determined as described above. Intrinsic viscosities 

Were measured at 25° C. in chloroform. Number-average 

molecular Weight (Mn) and Weight-average molecular Weight 
(MW), both expressed in atomic mass units (AMU), Were 
determined by gel permeation chromatography using poly 
styrene standards. The degree of functionality (d) for each 
sample, corresponding to the average number of hydroxyl 
groups per poly(arylene ether) chain, is calculated according 
to the formula 

Where [OH] is the hydroxyl content of the polyphenylene 
ether in parts per million by Weight, and Mn is the number 
average molecular Weight of the polyphenylene ether in 
atomic mass units. Unreacted starting polyphenylene ethers 
Were also characterized for comparison (Comparative 
Examples 1 and 2). 

Reaction conditions and product characterization results 
are summarized in Table 1. 

TABLE 1 

C. Ex. 1 Ex. 2 Ex. 3 Ex. 4 

Reaction Conditions 

PPE starting material IV (dL/g) 0.25 0.25 0.25 0.25 
PPE amount (g) i 60 60 60 

Bisphenol A amount (g) i 0.60 1.20 1.80 
Benzoyl peroxide amount (g) i 0.60 1.20 1.80 
Pyrrolidine Work-up? i no no no 

Properties 

Product IV (dL/g) i 0.234 0.175 0.157 

OH content (Weight percent) 0.17 0.28 0.41 0.53 
M,,(AMU) 5191 3911 3174 2586 
MW (AMU) 21993 15479 11340 9043 
Degree of?inctionality 0.52 0.64 0.77 0.81 

Ex. 5 Ex. 6 C. Ex. 2 Ex. 7 

Reaction Conditions 

PPE starting material IV (dL/g) 0.25 0.25 0.31 0.31 
PPE amount (g) 60 60 60 60 
Bisphenol A amount (g) 2.40 0.60 i 0.60 
Benzoyl peroxide amount (g) 2.40 0.60 i 0.60 
Pyrrolidine Work-up? no yes i no 

Properties 

Product IV (dL/g) 0.135 0.135 0.323 0.299 
OH content (Weight percent) 0.64 0.67 0.10 0.21 
Mn (AMU) 1553 691 5872 4378 
MW (AMU) 7400 6772 27828 20450 
Degree of?inctionality 0.58 0.27 0.35 0.54 

Ex. 8 Ex. 9 

Reaction Conditions 

PPE starting material IV (dL/g) 0.31 0.31 
PPE amount (g) 60 60 
Bisphenol A amount (g) 1.20 1.80 
Benzoyl peroxide amount (g) 1.20 1.80 
Pyrrolidine Work-up? no no 
Properties 

Product IV (dL/g) 0.226 0.180 
OH content (Weight percent) 0.34 0.44 
M,, (AMU) 3237 2884 
MW (AMU) 14068 11532 
Degree of?inctionality 0.64 0.75 
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EXAMPLE 10 

A redistributed polyphenylene ether Was prepared as in 
Example 1, using as starting materials a poly(2,6-dimethyl 
1,4-phenylene ether) (PPE) having an intrinsic viscosity of 
0.41 dL/g and a hydroxyl content of 0.65 Weight percent, 6 
Weight percent bisphenol A (based on PPE), and 6 Weight 
percent benZoyl peroxide (based on PPE). The reaction mix 
ture Was re?uxed With pyrrolidine (at 2.4 times the molar level 
of benZoyl peroxide) to remove any benZoate ester groups. 
The resulting redistributed PPE Was methacrylate capped in a 
reaction using 362 g redistributed PPE, 362 g styrene, 5 g 
dimethylaminopyridine, and 65.2 g methacrylic anhydride. 
The methacrylate-capped polyphenylene ether product had a 
hydroxyl content less than the detection limit of 15 parts per 
million by Weight. 

EXAMPLE 11 

Using the procedure described in Example 1, a redistrib 
uted polyphenylene ether Was prepared using as starting 
materials 450 g of a poly(2,6-dimethyl-1,4-phenylene ether) 
having an intrinsic viscosity of 0.25 dL/g, 1170 mL of tolu 
ene, 18 g of bisphenol A, and 18 g of benZoyl peroxide. After 
three hours, 33 mL of pyrrolidine Was added and the reaction 
mixture Was re?uxed for another 20 hours. The product Was 
precipitated in methanol, ?ltered, Washed, and dried at 110° 
C. in a vacuum oven for 20 hours. The resulting redistributed 
polyphenylene ether Was methacrylate capped in a reaction 
mixture containing 363.6 g redistributed polyphenylene 
ether, 363.6 g styrene, 5 g dimethylaminopyridine, and 43.47 
g methacrylic anhydride. The reaction mixture Was main 
tained at 85° C. for 23 hours, yielding a methacrylate-capped 
polyphenylene ether having a hydroxyl content of 90.9 parts 
per million by Weight. 

EXAMPLES 12 AND 13 

COMPARATIVE EXAMPLES 3-5 

Five compositions Were prepared and molded to examine 
the effect of capped poly(arylene ether) structure on the 
shrinkage and appearance of molded parts. Examples 12 and 
13 used a methacrylate dicapped polyphenylene ether (PPE 
MA) prepared by redistribution and subsequent capping of a 
polyphenylene ether having an intrinsic viscosity of 0.25 
dL/ g. Thus, the dicapped PPE-MA had an intrinsic viscosity 
less than 0.25 dL/g. Comparative Examples 3 and 4 used a 
methacrylate monocapped polyphenylene ether prepared 
from an uncapped polyphenylene ether having an intrinsic 
viscosity of about 0.40 dL/ g. Comparative Example 5 used a 
methacrylate monocapped polyphenylene ether prepared 
from an uncapped polyphenylene ether having an intrinsic 
viscosity of about 0.12 dL/g. To prepare samples for testing, 
methacrylate-capped polyphenylene ether (PPE-MA) Was 
combined With styrene, and the mixture Was heated to 80° C. 
to dissolved the polyphenylene ether. The mixture Was then 
vacuum-degassed at 80° C. to yield a bubble-free, transparent 
solution. BenZoyl peroxide Was then added and the resulting 
mixture Was poured into a ?exbar mold, Which had been 
pre-heated to 75° C. The ?lled mold Was placed into a con 
vection oven then exposed to a heating pro?le that ramped up 
to 110° C. and back doWn to 45° C. over the course of about 
three hours. The molded parts Were visually inspected, noting 
appearance and Whether or not shrinkage of the part from the 
mold appeared uniform. Compositions and results are sum 
mariZed in Table 2. The results shoW that only Examples 12 
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and 13, prepared from methacrylate dicapped polyphenylene 
ether having a loW intrinsic viscosity exhibited good overall 
appearance, uniform shrinkage, and absence of cracks and 
bubbles. 

TABLE 2 

Ex. 12 Ex. 13 C. Ex. 3 C. Ex. 4 C. Ex. 5 

Composition 

PPE-MA amount 0.40 0.55 0.40 0.55 0.40 

(PbW) 
PPE-MA IV (dL/g) <0.25 <0.25 0.40 0.40 0.12 
Styrene amount (pbW) 0.58 0.43 0.58 0.43 0.58 
mono- or di-capped? di- di mono- mono- mono 

Appearance 

Overall appearance good good poor poor poor 
Uniform shrinkage? yes yes no no no 

Cracks? no no yes yes yes 

Bubbles? no no yes yes yes 

EXAMPLE 14 

This example describes the preparation of methacrylate 
capped poly(arylene ether) from a redistributed poly(arylene 
ether). A redistributed poly(arylene ether) (100 g), prepared 
according to the procedure of Example 1, Was dissolved in 
toluene (300 mL). To the resulting solution Was added 4-dim 
ethylaminopyridine (2.68 g), triethylamine (6.68 g), and 
methacrylic anhydride (10.16 g). The reaction mixture Was 
heated to 90° C. and heated overnight. The reaction product, 
a methacrylate-capped poly(arylene ether), Was precipitated 
from methanol and contained 10 ppm of uncapped hydroxyl 
end group. 

EXAMPLES 15-21 

Seven polymerization reactions Were used to prepare 
polyphenylene ethers having varying degrees of functional 
iZation. In each case, the reaction mixture components Were 
2,6-xylenol (760.86 g), toluene (2512.87 g), cuprous bromide 
(CuBr; 6.1 g), di-t-butylethylenediamine (1.254 g), di-n-bu 
tylamine (7.803 g), dimethylbutylamine (26.52 g), and qua 
ternary ammonium surfactant (0.77 g). All of the 2,6-xylenol 
Was added at the beginning of the reaction. Samples Were 
taken at recorded reaction times, the product poly(arylene 
ether) Was precipitated With methanol, dried, and analyZed 
for molecular Weight and hydroxyl endgroup content. In each 
case, the end of the reaction time Was de?ned by the addition 
of an aqueous nitrilotriacetic acid (NTA) solution to deacti 
vate the reaction catalyst. So, When the reequilibration time is 
Zero in Table 3, the NTA solution Was quickly mixed With the 
reaction mixture and the resulting tWo-phase mixture Was 
separated by centrifugation, effectively limiting the reequili 
bration time to a feW minutes. For longer reequilibration 
times, the NTA solution Was added and the entire tWo-phase 
mixture Was stirred for the speci?ed equilibration time, then 
separated by centrifugation. The re-equilibration temperature 
for all samples Was 60° C. except for Example 3, Where 
equilibration temperature Was 60° C. for the ?rst tWo hours 
and 85° C. for the last tWo hours. 

Table 3 shoWs the hydroxyl content and number average 
molecular Weight of the poly(arylene ether) as a function of 
varying oxygen ?oW rate, exotherm temperature, reaction 
time, oxygen pressure, and reequilibration time. Reaction 
conditions andpoly(arylene ether) properties are summariZed 
in Table 1. The results shoW that high oxygen How and pres 
















